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FOREWORD 


cn?Y 


This  report  was  prepared  by  Tlie  Boeing  Company  under  IJSAF  contract 
Nunber  AF  33(6.15) -1792.  The  contract  was  Initiated  under  Project  Umber 
b20A,  Task  Number  j?0A.  The  work  was  administered  under  the  direction  of 
the  AFFDL  Project  Engineer:  F.  E.  Barnett. 

This  report  covers  work  conducted  from  January  196k  to  November  196k. 

At  .the  time  of  the  X-20A  contract  termination  in  December  1963,  the 
Pilot's  Compartment  Structural  Assembly  and  the  Equipment  Compartment 
Structural  Assembly  scheduled  for  use  in  the  Environmental  Teat  Model  were 
in  the  final  phases  of  structural  assembly.  Under  the  auspices  of  the  Air 
Force  Flight  Dynamics  Laboratory.  Research  and  Technology  Division,  Air 
Force  Systems  Command,  a  decision  was  made  to  complete  the  structural 
fabrication  of  each  compartment,  and  to  conduct  appropriate  leak  tests. 

The  "ompartment  configuration  and  test  results  are  described  in  this 
report  for  use  In  future  flight  hardware  design  programs. 

This  report  is  not  releasable  to  OTS  because  X-20A  information  is 
considered  sensitive.  Future  release  of  this  report  to.  OTS  will  depend  on 
relaxation  of  dissemination  restrictions  on  X-20A  data  by  the  United  States 
Air  Force  or  the  United  States  Department  of  Defense. 

Publication  of  this  technical  documentary-  report  does  not  constitute 
Air  Force  approval  of  the  report's  findings  or  conclusions.  It  is  published 
only  for  the  exchange  and  stimulation  of  ideas. 


HOLLAND  B.  I/WHDES 
Acting  Chief 
Structures  Division 
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NOTICES 

When  Government  drawings,  specifications,  or  other  data  ere  uaed  for 
any  purpose  other  than  in  connection  with  a  definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the  said 
droving! ,  specifications,  or  other  data,  is  not  to  be  regarded  by 
implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any  other 
person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture, 
’  0r  F'eli  en>'  Painted  invention  that  may  in  any  way  be  related  thereto. 

vefense  Documentation  Center  release  to  Office  of  Technical  Services 
is  not  authorized  (see  FOREWORD). 

Qualified  requesters  m»v  obtain  copies  of  this  retort  from  the  Defense 
Etenmentatlon  Center  (DDC),  (fomerly  ASHA),  Craeron  station.  Build".  5 
dOlQ  Duke  Street,  Alexandria,  Virginia,  2231b.  6 


Copies  of. this  report  should  not  be  returned  to  the  Research  end 

rCtUrn  “  req"U'"  by  6reurity  oouniderstions, 
contractual  obligations,  or  notice  on  a  specific  document. 
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ABSTRACT 


1?0  tforlfj  thf  4^?'^-  wtJ  fniirl  istlofl  t refcn  1  [fuel  util 1  n;i  during  uc 
techn{  *n\  devciatteett  Of  I'mesauM-ed  ft)r  yi*  X-Atlfl,  7*  fit:  it. 

structural-  f*brif*t!an  asal  1-entf.  fc#*fca  war-  dr  •  p Do V  * - ra*nn rtdnki 

and  an  equipment  compartment. 

The  compartments  in  production  for  the  Environmental  Test  Model  were 
imp! eted  to  n  test  configuration  which  eliminated  all  non- structural  items 
such  as  equipment  support  structure,  foot  well,  ducts,  internal  equipment, 
wiring,  and  plumbing.  Compartment  penetrations  were  made  In  accordance  with 
the  designed  flight  configuration  except  that  a  reduced  number  of  electrical 
penetrations  vers  made. 

The  inflatable  seal  system  functional  test  of  the  pilot's  hatch,  the 
pilot's  compartment,  equipment  access  door,  and  the  equipment  compartment  ’ 
access  door  verified  that  these  systems  would  retain  sufficient  pressure  to 
provide  n  satisfactory  compartment  seal. 

A  proof  pressure  test  of  each  compartment  demonstrated  the  Integrity 
of  the  structure. 

The  actual  leak  rate  of  the  pilot’s  compartment  was  found  to  be  . 035 
pounds  of  air  per  minute,  well  within  the  design  goal  of  O.J66  pounds  of’ 
air  per  minute,  and  the  actual  leak  rate  of  the  equipment  compartment  was 
found  to  be  .  1  pounds  of  air  per  minute,  also  well  within  the  design  goal 

of  0.100  pounds  of  air  per  minute. 


These  tests  demonstrated  thnt  the  design  and  fabrication  techniques 
used  would  proauev  a  compartment  capable  of  performing  the  X-OOA  vehicle 
mi  onion. 
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. ,  ca»I>&r<3»ent«  vtre  designed  to  contain  pressures  during  the 

anticipated  flight  regi.es  with  lifted  leakage  of  pressurising  gas,  limited 

°f  atr,c?ur#1  vei«bt*  Plot's  ccSwlaent  vat 
i  **7*35  PSi*  4t  altitude8  *bove  ^,000  feet  with  the  pilot’s 
f ^  *“  “*  the  equipaent  compartaeu t  vaa  to  be  pressurised 

to  1°.2  P«U  at  altitudes  above  10,250  feet  with  a  fixed  flow  of  gaseouT 
nitrogen.  The  maxintun  pressure  differential  during  ascent  to  and  descent 
froo  the  pressurising  altitude  was  to  be  limited  to  1.5  pai  in  each 
compartment. 

During  the  development  phases  of  the  X-20A  prograsi  various  seal 
configurations  and  materials  vere  investigated,  studied,  and  tested.  The 

l  !*!  *"  i"  the  vehicle  de.lgn  releaeed  for 

production.  A  development  program  was  also  conducted  by  manufacturing 
personnel  to  verify  the  machining  and  welding  capabUities  necessary  to 
fabricate  a  compartment.  * 

At  the  time  of  X-20A  contract  termination,  neither  a  pilot's  compartment 
nor  an  equipment  compartment  had  been  structurally  completed,  sealed,  and 
pressure  tested.  This  program  was  instigated  to  cxplete  the  **rrr*  1 
structurally,  ms taxi  flight  configuration  seals,  and  perform  pressurized 

tests  to  verify  the  adequacy  of  techniques  selected  from  the  development 
programs . 

,^.^L^artaieiit1COnngUration  teated  devi,lt*d  *  flight  configuration 
omparfcnent  in  several  ways.  First,  all  non-structural  assemblies  and  details 
not  already  installed  vere  eliminated.  This  included  ducts,  foot  wells 
equipment  support  brackets,  plumbing,  wiring,  and  equipment,  sfcond,  oily 
a  portion  of  the  electrical  penetrations  were  made  in  each  compartment  due 
to  a  shortage  of  completed  electrical  receptacles.  This  was  of  no  significance 
in  the  total  leak  rate  since  the  receptacle  sealing  proved  in  development 

be  leak  free*  AU  °ther  penetretions  confomed 
to  the  flight  vehicle  design  in  quantity  and  configuration.  Third,  aluminum 
alloy  plate  was  substituted  for  the  window  glass  in  the  pilot's  canpartment. 


SECTION  1 
CONPTGURATION 
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The  X-20A  Pilot's  Ccmpartaent  and  Equipment  Compartment  are  minima 
weight,  pressurized  assemblies  suspended  within  the  glider  primary  structure 
by  a  determinate  system  of  fittings  designed  to  prevent  the  compartments  from 
carrying  primary  loads  and  to  isolate  the  compartments  from  primary  structure 
thermal  deformation. 


B.  FILOT'S  COMPARTMENT 

The  pilot's  compartment,  containing  the  flight  station  and  guidance 
equipment,  is  pressurized  to  7. 35  psia  at  altitudes  above  18,000  feet.  The 
compartment  atmosphere  is  provided  by  exhausting  the  pilot's  pressure  suit 
gas  flow  directly  into  the  compartment.  Ihe  compartment  pressur*  is 
controlled  by  regulating  the  flov  of  compartment  atmosphere  escaping  through 
a  pressure  regulator.  The  safety  valve  and  pressure  regulator  control  the 
pressure  differential  to  1.5  pstg  maximum  during  ascent  to  and  descent  from 
18,000  feet  altitude. 

The  compartment,  Figures  1  through  4,  is  a  conventional  semi  aonocoque 
structure  with  frame  supported  skin  panels,  an  equipment  access  door,  hatch, 
and  windows.  The  skin  panels,  machined  from  2219  altminun  alloy  plate,  are 
Joined  together  by  automatic  welding  to  eliminate  leakage.  Tbs  lramei 
machined  from  7075  aluminum  alloy  plate,  are  attached  to  the  skin  panel 
weldment  by  interference  fit  mechanical  fasteners.  The  frames,  continuous 
around  the  inside  of  the  compartment  except  at  the  access  openings,  carry  the 
structural  loads  so  that  only  local  internal  pressure  loads  are  carried 
across  the  skin  panel  weld  Joints. 

The  pilot's  hatch,  Figure  5,  machined  frcm  rolled  2219  aluminum  alloy 
plate,  is  stiffened  by  sheet  metal  frames.  Spherical  collars  and  explosive 
bolts  transmit  only  shear  and  tension  loads  to  the  compartment  structure. 

The  equipment  access  door  is  machined  from  flat  2219  alininum  alloy 
plate  and  is  then. rolled  to  its  cylindrical  shape.  Pressure  loads,  as  hoop 
te  ff-a  it  the  eumpraent  iy  pin  ning**.  End  DuLsieaia, 

welded  to  the  door  skin,  contain  shear  pins  for  distributing  loads  to  the 
compartment  frames. 

The  soda-lime  vindovs  are  retained  in  skin  panel  openings  between 
stiffeners  and  frames  by  bolted  retainer  plates,  Figure  6. 

Pressure  wall  penetrations  are  reduced  to  a  minima  by  allowing  only 
the  bolts  attaching  the  taree  support  fittings  and  the  pilot's  hatch  to  pass 
through  the  skin  panels.  All  other  fasten  ei  i'  CP  f  Vi*  rirtvi  e  am* 

—  —  -  wv  V«v  ^<U*4V4U  ai  ^ 

contained  within  blind  holes  or  are  +.hmnnrh  Hi*  — .....  -  *  *  . 
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the  inner  surface. 
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FIGURE  3  PILOT'S  COMPARTMENT 
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FIGURE  4  PILOT'S  COMPARTMENT  INNER  STRUCTURE 


FIGURE  5  PILOT'S  COMPARTMENT  HATCH 
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c*  EQUIPMENT  CCMPARTMEJfT 


The  equipment  compartment,  containing  electrical  and  electronic 
equipment,  is  pressurized  to  10.2  psia  at  altitudes  above  10,250  feet.  The 
compartment  atmosphere  is  provided  by  a  constant  inflov  of  gaseous  nitrogen 
f  r  equipment  cooling.  The  compartment  pressure  is  controlled  by  regulating 
j  *  °f  nltrogen  e6caPln€  through  a  pressure  regulator.  A  safety  valve 
and  the  pressure  regulator  control  the  pressure  differential  to  1.5  psig 
maximum  during  ascent  to  and  descent  from  10,250  feet  altitude. 

c.t_^fThe  c°“Pl9^tment>  Figures  7  through  10,  is  a  conventional  semi  monocoque 
structure  with  .r ame  supported  skin  panels  and  an  access  door,  me  side  and 
rloor  skin  panels  extend  aft  of  the  rear  pressure  bulkhead  to  form  an 
unpressurized  compartment.  The  skin  panels,  machined  from  2219  aluminum 
alloy  plate,  are  joined  together  by  automatic  welding  to  eliminate  leakage, 
ine  frames,  machined  from  7075  aluminum  alloy  plate,  are  attached  to  the 
skin  panel  weldment  by  interference  fit  mechanical  fasteners.  The  frames 
continuous  around  the  inside  of  the  compartment  except  at  the  access  door’ 
carry  the  structural  loads  so  that  only  local  internal  pressure  loads  are 
carried  across  the  skin  panel  weld  joints. 

The  access  door  Is  machined  from  flat  2219  aluminum  alloy  plate  and  is 
then  rolled  to  its  cylindrical  shape.  Pressure  loads,  as  hoop  tension,  are 
transferred  to  the  compartment  by  pin  hinges.  End  bulkheads,  welded  to  the 

door  skin,  contain  shear  pins  for  distributing  loads  to  the  compartment 
i  raises . 


.  Fressure  vail  penetrations  are  reduced  to  a  minimum  by  allowing  only 
th‘\^)lts  attachin«  the  tVo  forward  support  fittings  and  the  electrical 
umbilical  receptacle  to  pass  through  the  skin  panels.  All  other  fasteners 
common  to  the  panels  are  contained  within  blind  holes  or  are  through  the 
stiffeners  machined  into  the  inner  surface.  Electric  cables  are  carried  to 
uikhead  receptacles  in  the  pilot’s  compartment  by  an  intercompartaent 
ellovs.  Tills  tunnel  is  sealed  .from  the  pilot's  compartment  atmosphere  and 
is  open  to  the  equipment  compartment  atmosphere. 

D.  TEST  ARTICLE  CONFIGURATION 


'The  compartments  tested  are  structurally  identical  to  the  X-20A 
Pilot's  Compartment  and  Equipment  Compartment.  Unique  part  numbers  were 
used  to  identify  the  test  configuration  compartments  due  to  the  elimination 
non -structural  items  such  as  equipment  support  bracketry,  foot  well 

ducts,  wiring,  plumbing,  etc.,  and  the  substitution  of  aluninum  plate  for 
the  window  glass. 

The  seal  gap,  Figure  10,  for  toe  inflatable  seal  in  the  pilot's  hatch 
and  the  equipment  compartment  access  door  did  not  conform  with  the  design 
requirements  due  to  manufacturing  coordination  problems  encountered  on  the 
first  X-20  production  Darts.  The  Sf*ft]  trnri  vas  ^  ~  ~ „  -t  _ 

...„  .  n  ,  ,  ,  <_»  or  vv  vuc  octu.  UJ.W1C 

was  built  up^to  a  more  desirable  condition  by  bonding  on  a  tapered  shim.  This 
wth  a  lLllcr  Serial  fairing  at  the  end  may  be  see  in  Figure  16.  The 


SCal  ms  reduced  in  two  stages.  First,  the  gap  along  the 

vis  Idf  lo  *?,5%the  de3lgn  *****  **  «»P  »t  the  aft  Md 

vas  aide  .50.  After  a  preliminary  leak  test  the  gap  at  the  aft  end  was 

r  need  to  ,-5  for  the  final  leak  testing*  The  equipment  compartment  seal 

adaiti^ed  40  ap5r°J?JMtely  the  de8ien  *****  of  .29.  During  testing 
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FIGURE  8  EQUIPMENT  COMPARTMENT  DURING  ACCESS  DOOR  INSTALLATION 
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FIGURE  9  EQUIPMENT  COMPARTMENT  INNER  STRUCTURE 
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FIGURE  10.  EQUIPMENT  COMPARTMENT  STRUCTURE 
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SECTION  2 


SEALING  TECHNIQUES 

A.  INTRODUCTION 

The  compartment  openings  and  penetrations  are  sealed  to  limit  the 
leakage  to  insure  a  flov  of  compartment  pressurizing  gases  through  the 
pressure  regulator.  A  variety  of  seals,  as  shown  in  Table  1,  are  used. 

B.  INFLATABLE  SEALS 

The  pilot's  ftatcn,  pu.ot's  compartment  equipment  access  door,  and  the 
equipment  compartment  access  door  are  sealed  with  a  fabric  covered,  inflated, 
rubber  compound  seal.  The  seal,  installed  in  a  retainer  on  the  applicable 
cover,  would  have  been  inflated  to  15  psig  at  vehicle  launch  for  an  equivalent 
pressure  of  30  psia  in  space.  Due  to  the  abort  duration  of  the  X-20A  mission, 
provisions  for  maintaining  seal  pressure  v^re  not  required  and  the  seal  was 
-  ‘i'  ty  ^  ’rtilvT.  FsguiT  11  ptvvileo  irtails  ut  tiifc  seal  nad  tietu. 
installation. 

C.  WINDOW  SEALS 

The  pilot's  '^npartmett  wIdJ.wi  -re  by  a  molded,  V  shaped, 

silicone  rubber  seal.  The  two  legs  of  the  seal  are  compressed  a  total  of  0.10 
by  the  window  retainer  plate.  The  leg  of  the  seal  between  the  window  and  the 
retainer  plate  does  not  function  as  a  seal  but  as  a  window  soj^ort-  Figure 
12  provides  details  of  the  seal  and  seal  installation. 

D.  GASKET  SEALS 

All  electrical  receptacles,  interccmpartment  bellows,  pilot's  hatch 
bolts,  and  other  miscellaneous  penetrations  are  sealed  with  standard  molded 
rubber  compound  seals  in  metal  retainers.  A  typical  gasket  seal  and  gasket 
f'-J  a-%  k.  rtfctiw  1’ 

The  electrical  system  for  each  X-20A  mission  was  different  but  all 
compartments  were  to  be  capable  of  being  used  for  any  mission.  For  this 
reason,  many  electrical  penetrations  ore  filled  with  a  solid  drnany  receptacle 
having  sealing  surfaces  identical  to  those  of  an  electrical  receptacle.  The 
test  configuration  compartment  has  a  reduced  number  of  electrical  penetrations 
since  the  required  quantity  of  receptacles  and  dunzny  receptacles  were  not 
available  at  the  time  of  the  X-20A  program  termination. 

E.  "0”  RING  SEALS 

The  pressure  regulators,  safety  valves,  and  support  fitting  attach 

K/>1  4~  a  n  n  An  1  «  nl  J.V.  »  A-  J  .  »  •» 

w  axw  ouwmaiu  u  1‘jlul^  &s  are  Lne  valves  in  the 
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F.  METALLIC  SEALS 


The  bulkhead  unions  and  connectors  used  vith  the  plumbing- systems 
employ  a  metal  seal  manufactured  by  NAVAIT  Products,  Incorporated, 

1320  E.  Imperial  Highway,  El  Sagundo,  California.  The  seal  and  a  typical 
seal  Installation  are  shown  in  Figure  14. 

C.  EFFECTIVENESS  OF  SEALS 

The  predicted  leakage  for  the  pilot's  compartment  is  0.025370  pounds 
of  pressurizing  gas  per  minute.  The  inflatable  seals  in  the  hatch  and 
equipment  aecesB  door  represent  96.45$  of  this  total  and  the  molded  window 
seals  account  for  3-42$  of  the  total  leakage. 

The  predicted  leakage  for  the  Equipment  Compartment  is  0.020583 
pounds  of  pressurizing  gas  per  minute.  The  inflatable  seal  in  the  access 
door  represents  99.98$  of  this  total,. 
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FIGURE  14.  METALLIC  SEAL  DETAIL  AND  INSTALLATION 


SECTION  3 

INFLATABLE  SEAL  FUNCTIONAL  TEST 
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A.  PURPOSE 


Each  inflatable  seal  system  vas  tested  to  demonstrate  the  capability 
of  the  system  to  maintain  pressurization' during  an  established  time  period. 

B.  TEST  ARTICLE 

The  inflatable  seal  system  functional  test  was  conducted  on  the 
completed  installation  in  the  applicable  hatch  or  access  door  prior  to  the 
installation  of  the  hatch  or  door  onto  the  compartment.  The  inflatable  seal 
vas  free  to  expand,  except  as  restricted  by  the  seal  retainer. 

C.  TEST  PROCEDURE 


Each  seal  syateri  vas  pressurized  to  30  psig  plus  or  minuB  1.0  psig  and 
vas  then  isolated  from  the  pressure  source.  After  2k  hours,  the  pressure  vaa 
measured  and  those  systems  with  a  pressure  reduction  of  5  psig  or  less  were 
accepted. 

D.  TEST  RESULTS 

All  inflatable  seal  systems  tested  vere  found  to  be  acceptable  although 
the  equipment  compartment  access  lid  3eal  failed  on  its  first  test  due  to 
metallic  particles  under  the  "0"  ring  sealing  the  air  valve.  The  actual 
pressure  reduction  measurements  are  as  follovs: 

Pilot's  Compartment  Equipment  Access  Door  3.0  psig  (original  seal) 

2.8  psig  (replacement  seal) 

Pilot’s  Hatch  2.8  psig 

Equipment  Compartment  Access  Door  1.1  psig 
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SECTION  k 

COMPARTMENT  PROOF  PRESSURE  TEST 


A.  PURPOSE 

Each  compartment  was  pressurized  to  a  pressure  equal  to  1.2  times  the 
maxlmuB  attainable  pressure  under  operating  conditions  to  demonstrate  the 
integrity  of  the  structure, 

B.  TEST  ARTICLE 

The  proof  pressure  test  was  conducted  on  complete,  sealed  conqpartments, 
as  described  in  Section  1,  Paragraph  D,  except  that  the  pressure  regulator 
and  safety  valve  were  replaced  by  cover  plates. 

C.  TEST  PROCEDURE 

The  Pilot's  Compartment  was  pressurized  to  9.6  psig  and  the  Equipment 
Compartment  was  pressurized  to  12.7  psig  and  the  pressures  were  maintained  for 
a  mlnimnn  of  3  minutes. 

D.  TEST  RESULTS 

Examination  of  each  compartment  after  testing  found  no  evidence  of 
deformation,  failure,  or  other  irregularity,  demonstrating  the  structural 
integrity  of  the  compartments. 

Measurements  of  leakage  were  also  made  during  the  proof  pressure  test 
and  are  presented  in  Section  5. 


SECTION  5 
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Each  compartment  was  pressurized  to  the  operating  pressure  and  the 
leakage  rate  was  measured  to  demonstrate  the  integrity  of  the  seals. 

The  leak  test  was  conducted  on  structurally  complete,  sealed 
compartments,  as  described  in  Section  1,  Paragraph  D,  except  that  the 
pressure  regulator  was  inoperative. 


The  compartment  was  pressurized  with  filtered  plant  air  utilizing  a 
pressure  regulator  for  control  and  a  bulkhead  connector  installed  in  the 
compartment  for  flight  use.  The  air  flow  required  to  maintain  the  compartment 
pressure  was  measured  and  identified  as  the  leakage  rate. 

Measurements  of  leakage  were  made  at  increments  of  the  peratitg 
pressure,  with  the  access  door  inflatable  seal  at  various  pressures,  and  with 
various  gaps  between  the  inflatable  seal  retainer  and  the  seal  platform  to 
provide  additional  information  on  seal  performance. 

I'.  PILOT'S  COMPARTMENT  LEAK  TESTS 


The  X-20A  Pilot '3  Compartment  was  permitted  a  maximum  leakage  of  0.168 
pounds  of  pressurizing  gas  per  minute  during  the  pressurized  portion  of  the 

mission.  Jf  1 1  «***£*  of  «*-  g&*  inflow,  was  J.so  th«  allowable 

for  this  test. 


Eetujl  Pi  let  s  — mpartauit  A.eakugt  rate  was  found  to  De  ,v<f)  pounas 
of  air  per  minute  at  a  pressure  of  7-3  plus  or  minus  .2  psig. 

Table  is  a  compilation  of  the  leakage  rate  measurements  taken  during 
the  teat  program,  The  inflatable  seal  in  the  equipment  access  door  leaked 
over  a  2.5  inch  span  during  the  proof  test.  Examination  after  the  test 
disqlosed  a  mall  metallic  shaving  on  the  seal  but  the  seal  plane  was  clean 
and  smooth.  The  seal  contained  two  dimensional  distortion  in  tills  area. 

During  the  first  leak  test,  with  a  .50  maxlaun  gap  under  the  aft  end  of  the 
hatch,  the  access  door  inflatable  seal  still  leaked.  The  3eal  was  replaced 
with  a  spare  prior  to  the  second  leak  test.  The  spare  seal  contained 
similar  distortion  but  exhibited  onl;  minor  leak*£e.  -ftue  Sixttiti:  •  1  belt 
seals  is  at  the  fill  tube  and  is  a  correctable  problem.  Similar  seals  richlbit 
a  minimum  of  distortion  in  this  area  as  may  be  seen  in  Figure  17. 


I 


c.  EQUIPMENT  CQMPARTMEHT  LEAK  TESTS 


The  X-20A  Equipment  Canpartoent  was  permitted  a  maximum  leakage  of 
0.10  pounds  of  pressurising  gas  per  minute  during  the  preasurised  protlon  of 
the  mission.  This  leakage  rate  is  about  Tft  of  the  cooling  ga3  inflow  and 
was  the  allowable  for  tills  test. 

The  actual  Equipment  Compartment  leakage  rate  was  found  to  be  0.021 
pounds  of  air  per  minute  at  a  pressure  of  10.2  plus  or  minus  .2  psig. 

n  ■  V 

Table  3  is  a  compilation  of  the  leakage  rate  measurements  taken  during 
the  test  program.  The  compartment  exhibited  considerable  leakage  during  the 
proof  pressure  test  but  this  was  found  by  examination  to  result  from  two 
electrical  x'eceptacles  that  were  Inadequately  torqued  and  from  a  defective 
blind  bolt  hole  that  penetrated  the  pressure  wall.  Repair  of  these  defects 
led  to  the  very  low  leakage  rate  determined  for  the  subsequent  leak  test. 


j Tests  were  run  with  the  access  door  inflatable  seal  pressurized  at 
ps^g,  2C  psig,  and  fc  **  ckaparison  with  tne  leax  test  for  which 

seal  pressure  was  30  p3ig.  Ihese  results,  shown  graphically  in  Figure  15, 
support  the  selected  seal  inflation  pressure  for  an  X-20A  mission. 

The  designed  seal  retainer  to  seal  plane  gap  of  .26  minimum  and  .32 
maximum  was  .300  minimum  and  .396  maximum  with  an  average  of  .351  on  thq 
completed  compartment.  Shims  were  used  to  reduce  this  gap  by  .03  and  .06 
to  invests-  -1^  «f  gsp  on  tafiUrtttU  ***  1  porf^iOTice.  The 

.Leakage  rate  measured  with  the  .03  shim  installed  should  have  been  slightly 
l**3  t*iW1  leak  test  results  au.d  the  ,ate  measured  witn  tne  ,uo  snim 
installed  should  have  been  sligxtly  greater  than  the  leak  test  results.  The 
test  results  obtained  with  the  .03  shim  are  completely  erroneous  and  must 
result  from  bonding  voids.  The  test  results  obtained  with  the  .06  shim 
pointed  out  the  incorrectness  of  the  tests  with  the  .03  shim  and  demonstrated 
that  the  inflatable  seal  performance  is  relatively  unaffected  by  seal  gap. 

During  a  i  1 mvtT9T5rdBOTts>  wiU.  Wu 

inflatable  seal  pressurized  to  15  and  kO  psig,  four  narrow  bands  of  talc  were 
placed  on  the  seal  platform  to  investigate  seal  movement.  Figures  l6  and  17 
show  the  seal  platform  and  the  seal  after  the  leak  tests.  The  seal  in  the 
corner  made  contact  only  with  2  of  the  four  ridges  on  the  foot  and  moved  very 
slightly  outboard  while  the  seal  in  the  straight  section  made  contact  with 
all  four  ridges  and  did  not  move. 

D.  CONCLUSIONS 

The  leak  test  measurements  of  the  X-20A  Pilot's  Ccnpartment  and 
Equipment  Compartment  demonstrated  the  ability  of  the  seals  to  limit  leakage 
to  approximately  15$  of  the  gas  flow  into  the  compartment.  Test  results 
illustrated  the  capability  of  an  inflatable  seal  to  perform  with  wide 

variations  in  seal  gap  and  that  an  optimum  inflation  pressure  exists  for  each 
seal. 
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FIGURE  17  INFLATABLE  SEAL  WITH  TALC 


SECTION  6 


DEFLECTION  MEASUREMENTS 

A.  INTRODUCTION 

During  the  pressurised  tests,  various  deflection  and  strain  measurements 
were  made  to  compare  with  the  anticipated  values  and  to  provide  an  indication 
of  the  deflection  absorbed  by  the  inflatable  seals. 

Measurements  were  made  to  determine  the  increase  in  seal  gap  of  the 
hinges,  to  determine  the  deflection  of  various  structural  members,  and  to 
determine  the  strain  in  several  members.  The  locations  of  these  measurements 
are  shown  In  Figures  18  and  19.  Figures  ?0  and  21  show  several  instrument 
installations. 

B.  RESULTS 

Tables  k  and  5  are  n  summary  of  the  measurements  made,  and  where 
applicable,  the  anticipated  values. 

The  measurements  of  structural  deflections  and  loads  are  in  reasonable 
agreement  with  the  calculated  values.  The  differences  between  the  calculated 
and  measured  values  arc  a  result  of  assumptions,  rich  as  not  considering  a. 
majority  of  the  stiffeners  machined  into  the  skin  panels,  necessary  for  the 
manual  analysis  approach.  The  use  of  a  computer  program  would  reduce  the 
differences  if  warranted. 

The  measurements  of  the  increase  in  Geal  gap  and  deflections  in  the 
structure  indicate  that  at  the  center  hinge,  the  seal  gap  increased  about 
.05  at  the  operating  pressure.  This,  is  a  result  of  taking  up  bolt  clearance 
.in  the  hinges,  rotation  of  the  seal  plane  with  the  side  frame  deflection, 
and  rotation  of  the  seal  retainer  with  the  access  door  deflection.  The  total 
deflection  was  not  anticipated  to  be  large  and  is  shown  to  be  well  within  the 
bridging  ability  of  the  inflatable  seal. 
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FIGURE  20  INSTRUMENTED  EQUIPMENT  COMPARTMENT  AT  10  PSIG 


FIGURE  21  INSTRUMENT  INSTALLATION 
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SECTION  7 


FABRICATION  AND  DESIGN  PROBLEMS 


During  the  assembly  and  testing  of  the  compartments,  the  difficulties 
normally  associated  with  the  first  production  unit  were  encountered.  These 
difficulties  were  resolved  through  the  normal  engineering/manufacturing 
liaison  activities. 

Only  the  standard  design  and  fabrication  procedures  and  techniques 
associated  with  similar  high  quality  aircraft  products  were  exercised.  No 
special  precautions  or  critical  areas  applicable  to  future  programs  were 
developed. 
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REFERENCES 


DRAWINGS 

?5-8l601  Structural  Assembly  -  Pilot's  Compartment  . 

25-61700  Structure  Assembly  -  Upper  and  Dover  Equipment  Compartment 
I.O-8II36  Inflatable  Seal  -  Pilot's  Hatch  and  Access  Doors 
29-uL15<?  Seal -Molded,  Front  Windshield,  Pilot’s  Compartment 
29-61.153  Seal-Molded,  Side  Windshield,  Pilot's  Compartment  * 

Seal -Molded,  Side  Window,  Pilot's  Compartment 
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